B a k o r e and N a r a in 1 studied the kinetics of the oxidation of a-hydroxy acids by chromium(VI) and found that addition of Mn(II) decreases the rate of oxidation to one half of that in absence of Mn(II), when the hydrogen ion concentration is in the range 0.1 to 0.4 M. They attributed this to the disproportionation of Cr(IV) by Mn(II) ions. K e m p and W a t e r s 2 observed Mn(II) catalysis in the oxidation of a-hydroxy isobutyric acid by Cr(VI), when concentration of sulphuric acid exceeds 1.0 M. Recently S u n d a r a m and V e n k a t a s u b r a m a n ia n 3 reported Mn(II) catalysis in chromic acid oxidation of hydroxy acids. Unfortunately they have not mentioned the pH range in which they have observed the catalysis and this prevents verification of their conclusions. In view of the conflicting reports, it was considered desirable to investigate the role of Mn(II) in the oxidation of a-hydroxy acids by Cr(VT) under well defined conditions of acidity. The present report deals with the effect of Mn(II) in the oxidation of lactic acid by chromium (VI). 
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Experimental a ) M aterials used
Potassium dichromate, sulphuric acid and manganese(II) sulphate used were of B. D. H. Anal. aR. specifications. Rates of reaction obtained with solu tions of lactic acid (87.5% -w/w May and Baker) were found to be identical with solutions of Anal. aR.
R eq u ests for reprints should be sen t to P rof. G. V. lactic acid (B. D. H.) within limits of experimenta error. Lactic acid (87.5% w/w; M. & B.) was, therefore, used as such. Other reagents were chem ically pure.
b) K in etic measurements
The reacting solutions were placed in glass stoppered bottles in a thermostat bath, maintained constant to within ^ 0.02 °C. The solutions were brought to thermostat temperature and then rapidly mixed, chromium(VI) being the last to be added. Aliquots were withdrawn at different time intervals and the concentration of chromic acid left unreacted was estimated by iodometric method taking precau tions to minimise air oxidation of iodide4-6. On an average a deviation of not more than + 5.0% in the rate constants was observed. [H+] =0.2-0.4 M, the rate was found to be pro portional to the first power of the concentration of HCr04_, lactic acid and hydrogen ions. Addition of Mn(II) reduced the rate of oxidation to one half its value in absence of Mn(II). The results of B a k o r e and N a r a in 1 are, therefore, confirmed.
ii) The reactions at p H = 2 .0 -4 .0 : The rate laws were obtained at pH = 2.55. pH was maintained constant by using a mixture of lactic acid and sodium lactate. Under these conditions the reaction in absence of Mn(II) was first order with respect to HCr04~ concentration (Table I ) and second order with respect to concentration of undissociated lactic acid (Table II) . Energy of activation was found to be 10.2 + 1.5 kcals/mole-1 (Table III) . This value is higher but of the same order of 8.44 kcal/mole-1 found by B a k o re and N a r a in 1 for the oxidation of lactic acid at hydrogen ion concentration 0.2-0.4 M. At pH 2.0-4.0 the reaction shows some interesting features in presence of manganese (II) . A first order plot shows two slopes which cut at the point corresponding to 25 to 30% of reaction (Table IV) . These two parts are referred to as earlier part and subsequent part of the reaction. Each part follows a first order rate law in Cr(VI), although the rate constant for the subsequent part is higher than the earlier part. The two slopes indicate that two mechanisms are operating. Tables V and VI record the effect of Mn(II) on these two parts of the reac tion Mn(II) catalysis is found to be pH dependent (Table VII) . Thus Mn(II) retards the reaction for pH <1.0. At pH = 1.5-2.0 Mn(II) catalysis is observed only in the subsequent part of the reaction. Table X In general, increase of pH reduces the rate of reaction, both in presence and absence of Mn(II). I t is observed that the order of reaction with respect to HCr04-concentration in presence of Manga nese (II) is one for both the parts of the reaction (cf. Table VIII and IX). The activation energy for Mn(II) catalysed path is found to be 20.1 ± 1 .5 kcal/mole-1 (Table X) .
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iii) It is observed that the order of reaction with respect to [HCr04-], both in presence and absence of manganese(II), is one (cf. Tables X II and XVI). The order with respect to lactic acid is also one, both in presence and in absence of manganese(II) (cf. Table X III and XVII). However, the rate is second order with respect to hydrogen ions in absence of manganese(II) (cf. Table XIV), but first order in hydrogen ions in presence of manganese(II) (cf. Tables XVI and XVII) . This would imply that the mechanism of manganese(II) catalysis observed in the present case is different from that for the oxidation of a-hydroxy iso-butyric acid by chromium(VI).
Discussion
The decrease in the rate of oxidation of hydroxyacids by chromium(VI), by addition of manganese(II), in the range [H +]=0.1-0.4 M, first ob- In the pH range 2.0-4.0, the rate laws for the uncatalysed reaction between lactic acid and chromium(VI) are similar to those observed for the uncatalysed reaction between oxalic acid and chromic acid7. I t is, therefore, suggested that the mechanism for lactic acid-chromium(VI) uncat alysed reaction is similar to that of oxalic acid chromium (VI) uncatalysed reaction, (cf. B a k o r e and J a i n 7).
In the pH range 2.0-4.0, addition of manganese(II) increases the rate of reaction. The rate increases with increase in the concentration of manganese (II) for lower Mn(II) concentrations, but reaches a limiting value at higher manganese(II) concentra tions (cf. Tables V and VI). The rates for both catalysed and uncatalysed paths are pH dependent; increase of pH in general decreases the rate of reaction (cf. Table IX ). The observed rate laws for Table X 
